esp@cenet document view Page 1 of 1 



METHOD FOR PRODUCING CROSSLINKED BODY OF ENGINNERING PLASTIC 
AND METHOD FOR PRODUCING COCROSSLINKED BODY OF ENGINNERING 
PLASTIC AND FLUORORESIN 



Publication number: JP2002265630 
Publication date: 2002-09-1 8 

inventor: YAGI TOSHIAKI; MORITA YOSUKE; NISHI HAJIME; 

KUSANO HIROO; YAMAMOTO YASUAKI 
Applicant: JAPAN ATOMIC ENERGY RES INST; HITACHI CABLE 

Classification: 

- international: C08J3/28; C08L101/00; C08J3/28; C08L101/00; (IPC1 - 

7): C08J3/28; C08L101/00; C08L27/12 

- European: 

Application number: JP2001 0070786 20010313 
Priority number(s): JP2001 0070786 2001 031 3 



Report a data error here 



Abstract of JP2002265630 

PROBLEM TO BE SOLVED: To provide both a method for producing a crosslinked body of 
enginnering plastic having excellent heat resistance, dimensional stability and lubricating properties, 
with which an enginnering plastic can be crosslinked even a low dose of radiation exposure and a 
method for producing a cocrosslinked body of an enginnering plastic and a fluororesin. SOLUTION: An 
enginnering plastic is irradiated with 1 kGy to 10 Mgy ionizing radiation in a state heated to the vicinity 
or higher than its melting point in an atmosphere in an oxygen concentration of <=10 torr to give the 
crosslinked body of enginnering plastic. 
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enginnering plastic having excellent heat resistance, dimensional stability and lubricating 
properties, with which an enginnering plastic can be crosslinked even a low dose of radiation 
exposure and a method for producing a cocrosslinked body of an enginnering plastic and a 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the engineering-plastics bridge formation object which 
heats engineering plastics more than it near the melting point, and is characterized by irradiating 
1kGy-10MGy under the ambient atmosphere of 10 or less torr of oxygen densities at said 
engineering plastics in the condition of having been heated. 

[Claim 2] Said engineering plastics are the manufacture approaches of the engineering-plastics 
bridge formation object a configuration of that them are thermoplastic polyimide, a polyether 
ether ketone, polyphenylene sulfide, polyamidoimide, polyphenylene oxide, amelioration 
polyphenylene oxide, polysulfone, polyether sulfone, or a liquid crystal polymer according to claim 
1. 

[Claim 3] The manufacture approach of the joint use abutment of engineering plastics and a 
fluororesin which heats the mixed resin which kneaded a fluororesin 1 - the 100 weight sections 
in the engineering-plastics 100 weight section more than it near the melting point of said 
engineering plastics or said fluororesin, and is characterized by irradiating 1kGy-10MGy under 
the ambient atmosphere of 10 or less torr of oxygen densities at said mixed resin in the 
condition of having been heated. 

[Claim 4] Said engineering plastics are the manufacture approaches of the joint use abutment of 
the engineering plastics of a configuration of that them are thermoplastic polyimide, a polyether 
ether ketone, polyphenylene sulfide, polyamidoimide, polyphenylene oxide, amelioration 
polyphenylene oxide, polysulfone, polyether sulfone, or a liquid crystal polymer according to claim 
3, and a fluororesin. 

[Claim 5] Said fluororesin is the manufacture approach of a tetrafluoroethylene system polymer, 
tetrafluoroethylene / perfluoro (alkyl vinyl ether) system copolymer, tetrafluoroethylene / 
hexafluoropropylene system copolymer, tetrafluoroethylene / ethylene system copolymer, poly 
vinylidene fluoride, polychlorotrifluoroethylene resin, chlorotrifluoroethylene / ethylene system 
copolymer, or the joint use abutment of the engineering plastics of a configuration of that it is 
polyvinyl fluoride according to claim 3, and a fluororesin. 

[Claim 6] Said fluororesin is the manufacture approach of the joint use abutment of the 
engineering plastics of a configuration of having the melting point of 325 degrees C or less and 
the particle size of 50 micrometers or less according to claim 3, and a fluororesin. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the manufacture approach of an engineering-plastics bridge 
formation object, and the manufacture approach of the joint use abutment of engineering plastics 
and a fluororesin, especially this invention can also make the radiation irradiation of a low dose 
construct a bridge, and relates to the manufacture approach of an engineering-plastics bridge 
formation object excellent in thermal resistance, dimensional stability, and lubricity, and the 
manufacture approach of the joint use abutment of engineering plastics and a fluororesin. 
[0002] 

[Description of the Prior Art] Engineering plastics have the outstanding mechanical property, 
thermal resistance, and endurance, and a certain amount of maintenance of an electrical part, 
housing material, etc. on the strength is used for the required part focusing on the machine part. 
Since it excels in thermal resistance, chemical resistance, and solvent resistance, the fluororesin 
is used for the application of the material of inside coating of a container, electric-wire coat 
material, the tube for fluid migration, etc. in recent years taking advantage of the description, 
may be blended with engineering plastics and may be used. 

[0003] However, although the low-molecular-weight-ized fluororesin (lubricant) is blended in 
order to use fillers, such as an inorganic filler, in order to raise reinforcement since it cannot say 
that the lubricity of engineering plastics at the time of using it for thermal resistance hot [ more 
than a glass transition point ], dimensional stability, and a dynamic part is not necessarily 
enough, or to give lubricity, the needs of still more highly efficient engineering plastics have been 
increasing. 

[0004] The thing over which carry out exposure processing and engineering plastics are made to 
construct a bridge as the manufacture approach of the conventional engineering-plastics bridge 
formation object made in view of such needs is known. According to this approach, the 
engineering-plastics bridge formation object excellent in thermal resistance, dimensional stability, 
and lubricity can be acquired. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when the engineering plastics which are 
excellent in a radiation-proof are used according to the manufacture approach of the 
conventional engineering-plastics bridge formation object, there is a problem that degradation is 
conversely promoted by the high total amount exposure for bridge formation being unable to take 
place very easily and causing bridge formation. 

[0006] Therefore, the purpose of this invention can also make the radiation irradiation of a low 
dose construct a bridge, and is to offer the manufacture approach of an engineering-plastics 
bridge formation object excellent in thermal resistance, dimensional stability, and lubricity, and 
the manufacture approach of the joint use abutment of engineering plastics and a fluororesin. 
[0007] 

[Means for Solving the Problem] In order that this invention may attain the above-mentioned 
purpose, it heats engineering plastics more than it near the melting point, and provides said 
engineering plastics in the condition of having been heated with the manufacture approach of the 
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engineering-plastics bridge formation object characterized by irradiating 1kGy-10MGy under the 
ambient atmosphere of 10 or less torr of oxygen densities. According to the above-mentioned 
configuration, the radiation irradiation of a low dose can also be made to construct a bridge by 
irradiating a radiation, where engineering plastics are heated more than it near the melting point. 
[0008] In order that this invention may attain the above-mentioned purpose, it heats the mixed 
resin which kneaded a fluororesin 1 - the 100 weight sections in the engineering-plastics 100 
weight section more than it near the melting point of said engineering plastics or said fluororesin, 
and provides said mixed resin in the condition of having been heated with the manufacture 
approach of the joint use abutment of engineering plastics and a fluororesin characterized by 
irradiating 1kGy-10MGy under the ambient atmosphere of 10 or less torr of oxygen densities. 
According to the above-mentioned configuration, the radiation irradiation of a low dose can also 
be made to construct a bridge by irradiating a radiation in the condition of having heated more 
than it near the melting point of engineering plastics or a fluororesin. 
[0009] 

[Embodiment of the Invention] The manufacture approach of the engineering-plastics bridge 
formation object concerning the gestalt of operation of the 1 st of <gestalt of the 1 st operation> 
this invention is explained. First, engineering plastics are prepared. As engineering plastics, 
thermoplastic polyimide (henceforth "TPI"), Polyether ether ketone (it is called "PEEK" below.) 
Polyphenylene sulfide (it is called "PPS" below.) Polyamidoimide (it is called "PAI" below.) 
Polyphenylene oxide (it is called "PPO" below.) Amelioration polyphenylene oxide (it is called 
"PPE" below.) Polysulfone (it is called "PSF" below.) Polyether sulfone (it is called "PES" 
below.) Liquid crystal polymer (it is called "LCP" below.) It is mentioned. Above PPE is the 
ingredient which added polystyrene to PPO in order to raise a melting moldability. In addition, 
engineering plastics may be used by respectively independent or two or more sorts of mixing. 
[0010] Next, engineering plastics are heated more than it near the melting point. For example, in 
using PEEK as engineering plastics, it heats PEEK to 343-degree C near or the temperature 
beyond it which is the melting point of this ingredient. However, since too much heating comes 
to cause cutting and decomposition of a molecule principal chain conversely, in order to 
suppress degradation of resin and to improve effectiveness of bridge formation, as for whenever 
[ stoving temperature ], it is desirable to hold down to the range higher -10-30 degrees C than 
the melting point of engineering plastics. In addition, the melting point is called for from the 
endoergic peak when carrying out a temperature up by part for 20-degree-C/with a differential 
scanning calorimeter (DSC). 

[001 1] Next, an ionizing radiation is irradiated at the engineering plastics in the condition of 
having been heated. As an ionizing radiation, gamma cotton, an electron ray, an X-ray, a neutron 
beam, or high energy ion is used. It is desirable for an oxygen density to perform the exposure of 
an ionizing radiation in the ambient atmosphere of 10 or less torrs for oxidation degradation 
prevention of an ingredient, and in order to suppress degradation of an ingredient, as for the 
exposure total amount, it is desirable that it is within the limits of 1kGy-10MGy. Molecular 
motion of the principal chain of engineering plastics is made active, and it will be in the condition 
that bridge formation tends to take place between molecules, and by the exposure more than the 
melting point, molecular motion becomes active in all the fields in resin, and association of 
radicals especially becomes easy to take place by irradiating an ionizing radiation under an 
elevated-temperature ambient atmosphere. 

[0012] Thus, an engineering-plastics bridge formation object is acquired. In addition, an 
engineering-plastics bridge formation object contains what added the bulking agent, the coloring 
agent, the reinforcing agent, etc. 

[0013] According to the gestalt of the 1st operation, it becomes possible by irradiating an 
ionizing radiation, where engineering plastics are heated more than it near the melting point to 
promote the crosslinking reaction between molecules efficiently. 

[0014] The manufacture approach of the joint use abutment of engineering plastics and a 
fluororesin concerning <the gestalt of the 2nd operation>, next the gestalt of operation of the 
2nd of this invention is explained. First, a fluororesin 1 - the 100 weight sections are kneaded in 
the engineering-plastics 100 weight section, and mixed resin is formed in it. The same thing as 
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the gestalt of the 1st operation can be used for engineering plastics. In addition, engineering 
plastics may be used by respectively independent or two or more sorts of mixing. As a 
fluororesin, a tetrafluoroethylene system polymer (henceforth "PTFE"), tetrafluoroethylene / par 
FURUO opening (alkyl vinyl ether) system copolymer (henceforth "PFA"), and 
tetrafluoroethylene / hexafluoropropylene system copolymer (henceforth "FEP") are mentioned, 
the polymerization unit based on copolymeric monomers, such as perfluoro (alkyl vinyl ether), 
hexafluoropropylene, ethylene (perfluoroalkyl), or chlorotrifluoroethylene, in the inside of Above 
PTFE — less than [ 1.0 mol % ] — what is contained is contained. Moreover, in the case of the 
fluororesin of this copolymer format, the 3rd little component may be included in that molecular 
structure. Moreover, the reforming fluororesin obtained by a fluororesin irradiating the ionizing 
radiation of IkGyHOMGy under the ambient atmosphere of 10 or less torr of oxygen densities 
above the melting point of the fluororesin is also contained. Moreover, in order to make good 
dispersibility at the time of kneading with engineering plastics, as for the particle size of a 
fluororesin or a reforming fluororesin, it is desirable that it is 50 micrometers or less. 
[0015] Next, mixed resin is heated more than it near the melting point of engineering plastics and 
a fluororesin. For example, when using PEEK as engineering plastics and using PTFE as a 
fluororesin, since the melting point of PEEK is 327 degrees C, it heats the melting point of 343 
degrees C and PTFE to near (327 degrees C or 343 degrees C) or the temperature beyond it. 
However, since too much heating comes to cause cutting and decomposition of a molecule 
principal chain conversely, in order to suppress degradation of resin and to improve 
effectiveness of bridge formation, as for whenever [ stoving temperature ], it is desirable to hold 
down to the range higher -10-30 degrees C than the melting point of engineering plastics or a 
fluororesin. In addition, the melting point is called for from the endoergic peak when carrying out 
a temperature up by part for 20-degree-C/with a differential scanning calorimeter (DSC). 
[0016] Next, an ionizing radiation is irradiated at the mixed resin in the condition of having been 
heated, gamma cotton, an electron ray, an X-ray, a neutron beam, or high energy ion is used like 
the gestalt of the 1st operation as an ionizing radiation. Like the gestalt of the 1st operation, an 
oxygen density performs the exposure of an ionizing radiation in the ambient atmosphere of 10 
or less torrs, and it is desirable that it is within the limits of 1kGy-10MGy. By heating a 
fluororesin the above near [ the ] the melting point, the molecular motion of the principal chain 
which constitutes a fluororesin is activated. In addition, while a molecule principal chain cuts a 
fluororesin by irradiating, a bridge is constructed, and the crystal size of the reforming 
fluororesin of the structure to generate and which branched becomes small, and it is known that 
the melting point will fall. As for the fluororesin in which reforming was carried out by the 
exposure from this, it is desirable for the melting point to use a thing 325 degrees C or less. 
[0017] Thus, the joint use abutment of engineering plastics and a fluororesin is obtained. In 
addition, the joint use abutment of engineering plastics and a fluororesin contains what added the 
bulking agent, the coloring agent, the reinforcing agent, etc. 

[0018] According to the gestalt of the 2nd operation, it becomes possible to promote the 
crosslinking reaction between molecules efficiently by irradiating an ionizing radiation in the 
condition of having heated more than it near the melting point of engineering plastics or a 
fluororesin. Moreover, if an ionizing radiation is irradiated under an elevated-temperature ambient 
atmosphere, the interaction of the radicals generated by each resin will happen to the mixed 
resin which blended the fluororesin to engineering plastics, and bridge formation effectiveness 
will improve in multiplication to it. 
[0019] 

[Example] <examples 1-7> flake-like PEEK powder (the Victrex-MC, Inc. make — ) To 450P, 0 
weight section of a PTFE lubricant (made in Kitamura, KTL-610) (examples 1 and 2), Eleven 
weight sections (example 3), 25 weight sections (examples 4 and 5), 67 weight sections (example 
6), Reforming PTFE (to the PTFE molding powder G 163 by Asahi Glass Co., Ltd.) 25 weight 
sections (example 7) of the powder ground until it irradiated the electron ray of absorbed-dose 
50kGy under whenever [ stoving temperature / of 350 degrees C ] under the vacuum of 0.5 or 
less torr of oxygen densities and became 20 micrometers of mean diameters by the mixer by the 
Brabender company It kneaded for 3 minutes by 350 degree C and screw-speed 30rpm, and the 
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mixed resin of PEEK/PTFE was obtained. 

[0020] Next, dwelling was carried out, the compression press was carried out and the 
0.5mmx100mmx100mm sheet was created after holding a PEEK simple substance and the mixed 
resin of PEEK/PTFE for 5 minutes by 400 degrees C and 150 kgf/cm2 until it became 300 
degrees C. 

[0021] Furthermore, under the vacuum of oxygen density 0.5torr, under whenever [ stoving 
temperature / of 335 degrees C (examples 1, 3, 4 6, and 7) and 355 degrees C (examples 2 and 
5) ] (exposure temperature), the gamma ray of absorbed-dose 100kGy (examples 1 and 4) and 
50kGy (examples 2, 3, 5, 6 r and 7) was irradiated, and the sample sheet for a trial with a 
thickness of 0.5mm was created. 

[0022] The compression press of the mixed resin which blended the PTFE molding powder G163 
in 25 weight sections PEEK was carried out as the mixed resin which blended the above- 
mentioned PTFE lubricant 25 weight section (examples 2 and 3 of a comparison), and the 167 
weight sections (example 4 of a comparison) to PEEK as a PEEK simple substance and examples 
2, 3, and 4 of a comparison as an example 1 of the <examples 1-5 of comparison> comparison, 
and an example 5 of a comparison, and the sample sheet was obtained. 

[0023] The gamma ray of absorbed-dose 50kGy was further irradiated under whenever [ stoving 
temperature / of 365 degrees C ] under the vacuum of oxygen density O.Storr at the sample 
sheet of the example 3 of a comparison. 

[0024] The measurement result of the ****** melting point, melt viscosity, a glass transition 
point, coefficient of linear expansion, a sliding property, and tractive characteristics is shown for 
the sample sheet which was obtained according to examples 1-7 in Table 1, and was obtained by 
the examples 1-5 of a comparison in Table 2. 
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[0025] It asked for the melting point with the differential scanning calorimeter (DSC) from the 
endoergic peak when carrying out a temperature up by part for 20-degree-C/. Melt viscosity 
measurement used the flow tester (die length of 8mm of a die, diameter of 2mm), and was 
performed by the measurement temperature of 400 degrees C, and load 10kgf. By 
thermomechanical analysis (TMA), by part for 1 0-degree-C/, the temperature up of the 
measurement of a glass transition point and coefficient of linear expansion was carried out, and 
it was performed. It asked for coefficient of linear expansion from the part to which the multiplier 
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of 90-1 10 degrees C becomes linear. The sliding trial used the ring-on disk mold friction abrasion 
tester (JIS K 7218), and used SUS304 of 0.2 micrometers of surface roughness for partner 
material. Moreover, the Measuring condition was performed at the planar pressure 0.098MPa and 
peripheral-speed a part for /and the room temperature of 60m. The tension test was performed 
by part for 50mm/in crosshead rate according to ISO R 527. 

[0026] In the example, it turns out about glass transition temperature that glass transition 
temperature has shifted to an elevated-temperature side, and thermal resistance is improving 
according to bridge formation so that clearly from the example and the example of a comparison 
in Tables 1 and 2. About coefficient of linear expansion, in the example, coefficient of linear 
expansion is small and it excels in dimensional stability. Especially the exposure article of a PEEK 
simple substance is about the same coefficient of linear expansion as a metal. On the other 
hand, in the example of a comparison, coefficient of linear expansion is large. Moreover, about 
the sliding property, it is a joint use abutment with many amounts of blends of PTFE, and 
abrasion resistance and low coefficient of friction are realized. On the other hand, in the example 
of a comparison, the molecular weight of PTFE was too large, distribution worsened, or when 
there were too many amounts of blends, the ingredient became weak (examples 4 and 5 of a 
comparison), and it has been simply divided by bending. In the example 3 of a comparison, 
exposure temperature was too high, degradation of an ingredient took place, and remarkable 
foaming was seen. 
[0027] 

[Effect of the Invention] According to the manufacture approach of the engineering-plastics 
bridge formation object of this invention, and the manufacture approach of the joint use 
abutment of tic [ engineering brass ] and a fluororesin, it becomes possible conventionally to 
make very difficult engineering plastics construct a bridge with a low dose of bridge formation by 
irradiating a radiation in the condition of having heated more than it near the melting point of 
engineering plastics or a fluororesin as explained above. Moreover, the engineering brass tic 
bridge formation object acquired by this manufacture approach and the joint use abutment of 
engineering plastics and a fluororesin are excellent in thermal resistance, dimensional stability, 
and a sliding property, and this industrial value is very large. 



[Translation done.] 
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